Using the serial analysis of gene expression (SAGE) method, we studied the effects of adrenalectomy (ADX) and GC on the transcriptomes of mouse hypothalamus. Approximately 180,000 SAGE tags, which correspond to 50,000 tag species, were isolated from each group of intact or adrenalectomized mice as well as 1, 3, and 24 h after GC injection. ADX upregulated diazepam binding inhibitor gene expression while downregulating vomeronasal 1 receptor D4, genes involved in mitochondrial phosphorylation (cytochrome-c oxidase 1 and NADH dehydrogenase 3), 3␤-hydroxysteroid dehydrogenase-1, and prostaglandin D2 synthase. GC increased the gene expression levels of dehydrogenase/reductase member 3, prostaglandin D2 synthase, solute carrier family 4 member 4, and five cytoskeletal proteins including myosin light chain phosphorylatable fast and troponin C2 fast. On the other hand, GC reduced the mRNA levels of calmodulin 1 and expressed sequence tag similar to calmodulin 2, ATP synthase F0 subunit 6, and solute carrier family 4 member 3. Moreover, 7 uncharacterized and 43 novel transcripts were modulated by ADX and GC. The present study has identified genes that may regulate hypothalamic systems governing energy balance in response to ADX and GC.
transcriptome; serial analysis of gene expression; adrenalectomy; obesity CLINICAL FEATURES OF ANOREXIA and weight loss in patients with adrenal insufficiency as well as increased food intake and weight gain in patients with glucocorticoid (GC) excess implicate adrenal GC in energy homeostasis (18) . Obesity is dependent on GC action, because rodent models of obesity with pathologies of genetic (13) , dietary (65) , and hypothalamic (38) origins are normalized by adrenalectomy (ADX) and restored by GC replacement (27) . In normal rodents and humans, GC increases food intake and body weight, as well as inducing metabolic features of obesity, such as insulin resistance, hyperinsulinemia, hypertriglyceridemia, and hyperleptinemia (30, 76) . Interestingly, an administration of leptin, which barely affects body weight and food intake, becomes powerful and long-lasting in ADX rats, suggesting that GC antagonizes the central action of leptin (75) . GC not only increases food intake but also decreases energy expenditure by suppressing thermogenesis in mouse brown adipose tissue (63) . Thus GC promotes positive energy balance, whereas a lack of GC is linked to hypophagia and reduced body weight.
The hypothalamus is a brain center that regulates energy homeostasis by integrating peripheral signals such as leptin, insulin, and GC. Thus the effects of ADX and GC on hypothalamic gene expression have been a major focus of many previous studies (45, 54, 60, 73) . However, no study has previously investigated effects of ADX and GC in the transcriptome of the hypothalamus. The serial analysis gene expression (SAGE) method accurately measures the expression levels of tens of thousands of genes, previously known or not, and finds the genes related to diseases or the effects of stimuli (59, 68) . Although other techniques such as DNA microarray are limited by their ability to analyze only previously known transcripts, SAGE does not require a priori knowledge of the sequence of mRNA transcripts expressed in the tissues of interest. In addition, we recently showed (22) that the SAGE method has a very high reproducibility, with r 2 ϭ 0.96. Moreover, no mRNA species had significant difference in their level of expression estimated by two SAGE libraries constructed from the same pool of total RNA (22) . Thus, in the present study, we intended to identify potential mediators for the effects of GC on hypothalamic systems governing energy balance by using the SAGE strategy.
MATERIALS AND METHODS
Rodents and hypothalamus sampling. The protocols were approved by the Laval University Committee for Animal Protection. Male C57BL/6 mice were obtained from Charles River Laboratories (St. Constant, QC, Canada), at 12-14 wk of age. Mice were housed in an air-conditioned room (19 -25°C) with controlled lighting from 0715 to 1915 and were given free access to food (Lab Rodent Diet no. 5002) and water.
One week before sampling of hypothalamus, ADX was performed in mice of all experimental groups (n ϭ 12 per group) except for the intact group (n ϭ 51). ADX mice received sodium chloride (0.9 g/dl) in their drinking water after the surgery. GC (corticosterone, 0.1 mg per mouse) was subcutaneously injected into ADX mice, and the hypothalamus was harvested at 1 (ADX ϩ GC 1 h, n ϭ 12), 3 (ADX ϩ GC 3 h, n ϭ 12), and 24 (ADX ϩ GC 24 h, n ϭ 12) h after the GC injection. The physiological dose of GC was determined on the basis of previous studies in our research center (16) . ADX mice received an injection of vehicle solution (5% ethanol with 0.4% methocel A15LV premium) at 24 h before death. All mice were killed between 0830 and 1230 by decapitation under isoflurane anesthesia. The brain was removed from the skull, and the hypothalamus was immediately dissected, following the boundaries described by Paxinos and Franklin (53) . The whole hypothalamus was taken, using the optic chiasm as the rostal limit and the mammillary bodies as caudal reference. The hypothalamus was immediately frozen in liquid nitrogen, pooled together for each group, and stored at Ϫ80°C until RNA extraction. All mice were handled in a facility approved by the Canadian Council on Animal Care in accordance with their Guide for Care and Use of Experimental Animals.
SAGE and data analysis. Total RNA was isolated from tissues with a RNA extraction kit (TRIzol reagent; Invitrogen Canada, Burlington, ON, Canada). Approximately 6 g of mRNA was extracted with an Oligotex mRNA Mini Kit (Qiagen, Mississauga, ON, Canada). The SAGE method was performed as previously described (59, 68) . In brief, double-strand cDNA was synthesized from the mRNA with a biotinylated (T) 18 primer and a cDNA synthesis kit (Invitrogen Canada). The cDNA libraries were digested with the restriction enzyme NlaIII (New England Biolabs, Pickering, ON, Canada), which recognizes CATG sequences. The 3Ј-terminal cDNA fragments were captured with streptavidin-coated magnetic beads (Dynal, Biotech, Brown Deer, WI). After ligation of two annealed linker pairs to the NlaIII-compatible sticky ends, the cDNA fragments were digested with the tagging enzyme BsmFI (New England Biolabs), thereby releasing cDNA fragments including the short 15-bp tags. A blunting kit (Takara Bio, Otsu, Japan) was used for the blunting and ligation of the two populations of cDNA fragments, and the ligation products were amplified by PCR (59) . The PCR products were digested with NlaIII and the band containing the ditags was extracted from the 12% polyacrylamide gel. The purified ditags were self-ligated to form concatemers with T4 ligase (Invitrogen Canada). The concatemers were cloned into SphI site of pUC19. White colonies were screened by PCR and agarose gel to select long inserts for automated sequencing. The sequence and occurrence of each tag were analyzed by the software SAGEana program, which is a new version of SAGEparser.pl (22) . Tags corresponding to linker sequences were discarded, and duplicate concatemers were counted only once. To identify the transcripts, the sequences of 15-bp SAGE tags (NlaIII site CATG plus adjacent 11-bp tags) were matched with public databases. To avoid the possibility of sequencing errors in the expressed sequence tag (EST) database, we did not consider the matches that were identified only once among the numerous sequences of a UniGene cluster. A minimum of one EST with a known polyA tail had to be in the UniGene cluster to identify the last NlaIII site on the corresponding mRNA. The tag numbers were normalized by 100,000. The transcripts were classified according to their functions based on the genome directory (1) and other literature. The SAGE tags that did not match any sequences in the public databases were classified as novel transcripts.
Quantitative real-time PCR. Two mRNAs, prostaglandin D 2 synthase (Mm. 1008, NM_008963) and solute carrier family 4 member 3 (Mm. 5053, NM_009208), were also measured by quantitative (Q)RT-PCR. The RNA samples pooled together for each group, ADX (n ϭ 12), ADX ϩ GC 1 h (n ϭ 12), ADX ϩ GC 3 h (n ϭ 12), and ADX ϩ GC 24 h (n ϭ 12), were used. First-strand cDNA was synthesized with 5 g of isolated RNA in a reaction containing 200 U of Superscript III RNase H-RT (Invitrogen Life Technologies, Carlsbad, CA), 300 ng of oligo(dT) 18 , 500 mM deoxynucleotide triphosphates, 5 mM dithiothreitol, and 34 U of human RNase inhibitor (Amersham Pharmacia, Piscataway, NJ) in a final volume of 50 l. The reaction was performed at 50°C for 2 h and then treated with RNase A for 30 min at 37°C. The resulting products were purified with Qiaquick PCR purification kits (Qiagen, Valencia, CA). The cDNA corresponding to 20 ng of total RNA was used to perform fluorescence-based real-time PCR quantification with the LightCycler real-time PCR apparatus (Roche, Nutley, NJ). Reagents were obtained from the same company and were used as described by the manufacturer. The conditions for PCR reactions were denaturation at 95°C for 10 s, annealing at 56 -66°C for 5 s, and elongation at 72°C for 7-13 s. The reaction was then heated for 3 s at 2°C lower than the melting temperature of the DNA fragment. The reading of the fluorescence signal was taken at the end of the heating to avoid nonspecific signal. A melting curve was performed to assess nonspecific signal. Oligoprimer pairs that allow the amplification of ϳ200 bp were designed by GeneTools software (Biotools, Edmonton, AB, Canada) and their specificity was verified by BLAST in the GenBank database. Data calculation and normalization were performed with the second derivative and double correction method, using the housekeeping gene hypoxanthine guanine phosphoribosyl transferase 1 (44) . Hypoxanthine guanine phosphoribosyl transferase 1 has stable expression levels from embryonic life through adulthood in various tissues (71) . The expression levels of mRNA were expressed as number of copies per microgram of total RNA, using a standard curve of crossing point vs. logarithm of the quantity. The standard curve was established with known cDNA amounts of 0, 10 2 , 10 3 , 10 4 , 10 5 , and 10 6 copies of hypoxanthine guanine phosphoribosyl transferase 1 and a LightCycler 3.5 program provided by the manufacturer (Roche). The QRT-PCR was performed in duplicate and had Ͻ2.9% standard deviation.
Statistical analysis. To detect the effects of ADX and GC on mRNA levels with more than a twofold change, a comparative count display test was used (41) . Differences were considered to be statistically significant at P Ͻ 0.05.
RESULTS

Number of tags analyzed and transcripts differentially expressed by ADX and GC.
Five libraries (intact, ADX, and ADX ϩ GC 1 h, 3 h, and 24 h) were generated to identify hypothalamic mRNAs regulated by ADX and GC. Approximately 180,000 SAGE tags, which correspond to 50,000 tag species, were sequenced in each group (Table 1 ). In total, 71 transcripts were differentially expressed by ADX and GC administration. Twenty-one well-characterized transcripts differentially expressed at a significant level (P Ͻ 0.05) are presented in Tables 2-4 , according to their functions. Among these, 5 are involved in cell signaling and communication (Table 2) , 11 are involved in metabolism (Table 3) , and the other 5 are involved in the cytoskeleton (Table 4) . Seven uncharacterized and forty-three novel transcripts differentially expressed are presented in Tables 5 and 6 , respectively.
Differentially expressed transcripts involved in cell signaling and communication. ADX and GC modulated the expression of five genes involved in cell signaling and communication (Table 2 ). ADX upregulated the mRNA level of diazepam binding inhibitor by 2.9-fold, while downregulating vomeronasal 1 receptor D4 by 4.4-fold. GC induced gene expression of dehydrogenase/reductase member 3 at 24 h after administration, while suppressing calmodulin 1 and EST calmodulin 2 at 1 and 24 h. 
Differentially expressed transcripts involved in metabolism.
Eleven transcripts involved in metabolism were regulated by ADX and GC in the hypothalamus (Table 3) . GC injection caused a biphasic decrease in ATP synthase F0 subunit 6 mRNA. ADX drastically reduced the expression levels of genes involved in mitochondrial phosphorylation, such as three transcript species of cytochrome-c oxidase 1 and NADH dehydrogenase 3. For lipid metabolism, two prostaglandin D 2 synthase mRNAs with the SAGE tags CATG GTGACCTG-GCC and CATG GCCACCCTCTA were downregulated, whereas GC induced gene expression of another isoform with a tag sequence CATG GTAAGCGCTAC by sixfold. In addition, ADX downregulated gene expression of 3␤-hydroxysteroid dehydrogenase-1. For transport function, GC downregulated the mRNA level of solute carrier family 4 member 3 at 3 h, whereas GC upregulated member 4 in this family at 24 h.
Differentially expressed transcripts involved in cytoskeleton. GC induced the expression of five genes encoding motor proteins, such as myosin heavy polypeptide 4, myosin light chain phosphorylatable fast, myosin light polypeptide 1, troponin C2 fast, and troponin I skeletal fast 2 (Table 4) . These increases occurred slowly at 24 h after GC treatment.
Uncharacterized and novel transcripts differentially expressed. Seven uncharacterized transcripts were regulated by ADX and GC (Table 5 ). Among these, four were modulated (up-and/or downregulation) by GC, whereas the other three were upregulated by ADX. Moreover, 43 novel transcripts differentially expressed by ADX and GC were found (Table 6 ). Among these, two novel transcripts with tag sequences CATG AAAAATCATCG and CATG TCATTGGTCGC were significantly downregulated by ADX and reversed by GC. GC also upregulated three novel transcripts with tag sequences CATG ACCCAGAGGGC, CATG GCTGCCCTCCT, and CATG AGCTTGGCCTG. ADX upregulated 3 novel transcripts by 7-to 11-fold, while as many as 35 novel transcripts were downregulated by ADX.
Confirmation of SAGE data by QRT-PCR.
As shown in Fig.  1 , the changes in the expression levels of prostaglandin D 2 synthase and solute carrier family 4 member 3 measured by QRT-PCR were similar to the changes measured by SAGE.
DISCUSSION
Differentially expressed transcripts involved in cell signaling and communication.
The present study has detected an upregulation of diazepam binding inhibitor gene expression in ADX. Octadecaneuropeptide is generated by the proteolytic cleavage of the diazepam binding inhibitor, and it has the ability to displace benzodiazepine diazepam from its membrane receptors (29) . Interestingly, central administration of the octadecaneuropeptide markedly inhibited food intake in both food-deprived and normally fed rodents (21) . Furthermore, acute octadecaneuropeptide administration increased mRNA level of the anorexigenic proopiomelanocortin (POMC) and decreased mRNA expression of neuropeptide Y in the arcuate nucleus (15) . The diazepam binding inhibitor gene is strongly expressed around the region of the third ventricle and arcuate nucleus of the hypothalamus (24, 64) . Thus the upregulation of diazepam binding inhibitor gene suggests its important role in weight reduction in ADX. In addition, the change in the expression level of this gene could also influence the hypothalamic regulation of neuroendocrine factors in ADX. The administration of GC decreases prolactin gene expression in the pituitary gland, whereas ADX and central injection of octadecaneuropeptide both increase the expression level of prolactin gene (70) . Prolactin is well known to stimulate lactation in female mammalians. In male pituitary gland, prolactin gene is expressed at high levels (50) , and it may have important roles for normal testicular function (23) .
GC reduced the mRNA levels of calmodulin 1 and EST calmodulin 2 in the hypothalamus. Calmodulin (CaM), an intracellular Ca 2ϩ binding protein, is abundantly expressed in the brain (77) , and CaM-dependent phosphorylation and dephosphorylation regulate the synthesis and release of several neurotransmitters (36) . A previous study showed that leptin injection increases gene expression of calcineurin, a CaMdependent phosphatase, by approximately twofold in arcuate nucleus of the hypothalamus, suggesting that CaM and Ca 2ϩ / CaM play a role in the hypothalamic leptin signaling (49) . Because GC is known to cause leptin resistance in the hypothalamus (75), the downregulation of mRNA levels of calmodulin 1 and EST calmodulin 2 by GC might suggest its involvement in GC-induced leptin resistance. Vomeronasal receptor gene families are expressed in vomeronasal sensory neurons of the vomeronasal organ in the nasal cavity (52) . Seven-transmembrane-domain proteins encoded by the vomeronasal receptor genes are believed to be pheromone receptors that detect pheromones, chemical signals that modulate reproductive, defensive, and ingestive behavior as well as neuroendocrine secretion (20, 37) . A recent study revealed that there is an extreme degree of diversity in the vomeronasal receptor 1 repertoire (293 vomeronasal receptor 1 genes) in the mouse genome (55) . A human vomeronasal receptor 1 homolog, vomeronasal 1 receptor-like gene, has also been identified (55) . Because only a handful of chemical compounds with pheromonal effects have been isolated from the mouse, the unusually high diversity in the vomeronasal receptor 1 gene superfamily suggests nonpheromonal functions of some vomeronasal receptor 1 (55) . Although there is no previous report on the role of this gene in the hypothalamus, the present result has shown that vomeronasal receptor 1 D4 is expressed at middle level in the intact hypothalamus, and its expression level reduces to one-fourth by removal of GC. Thus the result supports the idea that vomeronasal receptor 1 D4 has nonpheromonal functions. These functions would be involved in hypothalamic regulations of instinct behaviors and homeostasis, such as feeding and sexual behaviors as well as temperature control and neuroendocrine secretion.
Short-chain dehydrogenase/reductase member 3, also known as retinal short-chain dehydrogenase/reductase 1, regenerates all-trans-retinol (vitamin A) from all-trans-retinal (vitamin A aldehyde) in the visual cycle in the retina of insects (31) . On the other hand, in human neuroblastoma cell lines short-chain dehydrogenase/reductase member 3 induces the accumulation of retinyl esters (retinyl palmitate), which can be interpreted as the attempt of cells to accumulate local retinol storage in the case of retinol availability (14) . Several previous reports and the present results suggest an important role of retinoid metabolism in the hypothalamus for energy homeostasis. To date, the localization of short-chain dehydrogenase/reductase member 3 in the hypothalamus has not been clarified. However, the mRNA and protein of retinoid X receptors (receptors for 9-cis-retinoic acid) have been reported to be strongly expressed in arcuate, dorsomedial, and ventromedial nuclei in the hypothalamus (40) . Retinoid X receptor-␥-deficient mice have significantly higher serum T4 and TSH levels and increased metabolic rate than wild-type controls, but the weights of these animals are not significantly different (8) . In addition, another recent study showed that retinoid X receptor-␥-deficient mice are resistant to gain in fat mass in response to high-fat feeding (33). Thus short-chain dehydrogenase/reductase member 3 could be an important molecule that modulates the hypothalamic retinoid metabolism and energy homeostasis, because the present study has identified an increased gene expression of short-chain dehydrogenase/reductase member 3 as a potential regulator that may induce positive energy balance.
Differentially expressed transcripts involved in metabolism.
The first rapid decrease of the ATP synthase F0 subunit 6 mRNA level occurred at 1 h, and the second decrease was observed at 24 h after GC treatment. Recent studies showed that hypothalamic energy status plays an important role in feeding behavior (11, 42) . AMP-activated protein kinase (AMPK), which is activated by an increase in the ratio of AMP to ATP within the cell, is the central component of a protein cascade that plays a key role in the regulation of energy control (11) . Interestingly, in the hypothalamus, orexigenic ghrelin activates AMPK, whereas satiety signals of leptin and insulin inhibit AMPK (11) . In addition, pharmacological (5-aminoimidazole-4-carboxamide ribose) activation (phosphorylation) of AMPK in the hypothalamus increases food intake (11) . It is noteworthy that ATP synthesis inhibitor, which generates a low cellular ATP concentration, activates AMPK (42) . Thus reduction of ATP synthase F0 subunit 6 mRNA level by GC may contribute to the activation of AMPK.
The most dramatic effect of ADX was the decrease in the levels of mRNAs involved in mitochondrial phosphorylation, such as the three transcript species of cytochrome-c oxidase 1 and NADH dehydrogenase 3, suggesting a reduction of mitochondria after ADX. Critical roles of mitochondrial fatty acid oxidation in the hypothalamus for the regulation of food intake have been shown (43, 51) . Indeed, intracerebroventricular treatment of mice with fatty acid synthase (FAS) inhibitors led to inhibition of feeding and dramatic weight loss (43) . In addition, inhibition of hypothalamic lipid oxidation by decreasing the activity of carnitine palmitoyltransferase-1, which regulates long-chain fatty acid (LCFA) entry into mitochondria, where the LCFAs undergo ␤-oxidation, substantially diminished food intake (51) . If the amount of mitochondria in the hypothalamus was reduced by ADX, as suggested by the present results, this might reduce ␤-oxidation and food intake in ADX. Future studies are needed to determine the biological roles of reduction in the hypothalamic mitochondrial enzymes such as cytochrome-c oxidase 1 and NADH dehydrogenase 3 in ADX.
Prostaglandin D 2 is considered as an endogenous sleeppromoting factor. Prostaglandin D 2 synthase is an enzyme that produces prostaglandin D 2 in the brain (66) . Using Northern and Western blot assays, a previous study also showed that the synthetic glucocorticoid dexamethasone increases mRNA and protein levels of prostaglandin D 2 synthase in a mouse hypothalamic neuronal cell line (28) . The present result is in agreement with a previous in vitro study and is the first in vivo evidence that GC induces hypothalamic gene expression of prostaglandin D 2 synthase. Interestingly, the inhibitor of prostaglandin D 2 synthase reduced food intake as well as sleep (61) . Prostaglandin D 2 synthase is expressed in the arcuate and ventromedial nuclei of medial basal hypothalamus (48) . This subarea in the hypothalamus is pivotal in the hypothalamic control of energy homeostasis (35) . Thus the present and previous results may suggest an important implication of this enzyme as a regulator for GC-induced positive energy balance.
In addition, the modulation of prostaglandin D 2 synthase gene by GC can also influence hypothalamic neuroendocrine function. The intraventricular administration of prostaglandin D 2 inhibits luteinizing hormone secretion (39) . Consistently, GC is known to suppress gene expression of gonadotropin-releasing hormone (5) and inhibit testicular steroidogenesis (4) . Thus the increased hypothalamic gene transcription of prostaglandin D 2 synthase suggests its critical role in the reduction of reproductive hormones by GC.
ADX increases binding affinities of GABA receptors for a GABA type A (GABA A ) receptor agonist, muscimol, by 38% in the hypothalamus (46) , thus suggesting that ADX would enhance GABA action. GABA, acting on GABA A receptors, inhibits activity of several key steroidogenic enzymes, including 3␤-hydroxysteroid dehydrogenase-1 in the hypothalamus (25) . Indeed, it was shown in the frog hypothalamus that most of the 3␤-hydroxysteroid dehydrogenase-1-positive neurons located in the suprachiasmatic, dorsal, and ventral hypothalamic nuclei also contain GABA A receptors (25) . Thus the present result that ADX downregulated 3␤-hydroxysteroid dehydrogenase-1 gene expression is consistent with these previous studies. The fact that subpopulations of both orexigenic neuropeptide Y neurons (17) and anorexigenic POMC neurons (34) in the hypothalamus release GABA may also suggest an involvement of 3␤-hydroxysteroid dehydrogenase-1 in energy homeostasis. Because GC injection did not restore the effect of ADX, there is a possibility that this gene might be regulated by adrenal factors other than GC, including mineralocorticoid, epinephrine, and norepinephrine. Thus the present results help to explore the biological role of this gene in the hypothalamus.
Intracellular pH can change rapidly and transiently in response to neuronal activation by hormones, as well as transmitters, growth factors, and other messengers (19) . The change in intracellular pH, in turn, has an impact on central nervous system function via synaptic transmission, neuronal excitability, and metabolic enzyme activity (19) . Thus the modulation of intracellular pH appears to be crucial for proper neural function. Differentially expressed genes in the present study, solute carrier family 4 member 3 and member 4, are key players in intracellular pH regulation in the central nervous system (19, 74) . Although there are previous reports that showed an importance of potassium channels in hypothalamic neurons, which are opened by leptin (57) and insulin (58) , to our knowledge, no previous study has investigated the role of ion exchangers in the hypothalamus. Solute carrier family 4 member 3 is an acid loader that exchanges extracellular chloride for intracellular bicarbonate and is responsible for the intracellular pH recovery from alkaline loads (19, 74) . On the other hand, solute carrier family 4 member 4 is an acid extruder that exchanges extracellular bicarbonate for intracellular sodium and participates in the intracellular pH recovery from acid loads (56, 74) . Thus the present results suggest that GC may lead to an intracellular alkalization by reducing the mRNA level of an acid loader (solute carrier family 4 member 3) and by inducing gene expression of an acid extruder (solute carrier family 4 member 4). Although solute carrier family 4 members 3 and 4 are known as key players in intracellular pH regulation in the central nervous system (19, 74) , to our knowledge there are no previous reports on the localization of these mRNAs in the hypothalamus. Thus the localization of these transcripts in the hypothalamus and the physiological role of intracellular pH modulation by these ion exchangers in hypothalamic control of energy homeostasis have arisen as an intriguing subject to be clarified.
Differentially expressed transcripts involved in cytoskeleton. The GC has modulated levels of mRNAs involved in the cytoskeleton, such as myosin heavy polypeptide 4, myosin light polypeptide 1, troponin C2 fast, and troponin I skeletal fast 2 at 24 h after the treatment, with dramatic increases by 6-to 15.5-fold. Myosins are motor proteins that move on filamentous actin (F-actin), using the hydrolysis of ATP, transporting vesicles, organelles, protein complexes, and mRNA, to various sites in the cell (47) . In neurons, multiple myosins have been found (1a, 7) . Myosin VI plays a role in the endocytosis of glutamate receptors, and myosin VI-deficient neurons have fewer synapses and dendritic spines (10, 32) . In addition, troponin C slow mRNA has been reported to be expressed at high levels in brain (6) . However, the functions of myosin and troponin in brain are largely unknown.
Several investigators have proposed that in secretory cells a network of F-actin underlies the plasma membrane and regulates exocytosis by acting as a barrier that impedes the apposition of secretory granules to membrane fusion sites, which is called the "barrier theory" (2, 9). Interestingly, GC stabilizes F-actin filaments in diverse cell types including At-T-20 corticotrophs, and the stabilization of F-actin correlates with inhibition of ACTH secretion in the corticotrophs; thus it is considered to be a possible mechanism for a negative feedback on GC to the pituitary gland (12) . The stabilization of F-actin filaments is accompanied by increased expression of the actinbinding protein caldesmon, which regulates the interaction among actin, tropomyosin, and myosin (12, 67) . Some evidence even implicates myosin in the polymerization of actin (12) . Thus genes encoding actin-binding proteins such as myosin (heavy polypeptide 4 and light polypeptide 1) and troponin (C2 fast and I skeletal fast 2), which were induced by GC in the present study, may be candidate molecules involved in the negative feedback system on GC at the hypothalamic level.
Expression levels of appetite and satiety genes known to be regulated by ADX and GC. In normal rodents, removal of GC by ADX significantly reduces hypothalamic mRNA levels of orexigenic signals such as neuropeptide Y (45), melaninconcentrating hormone, and orexin (26) . On the other hand, anorexigenic genes such as interleukin-1␤, leptin receptor, and signal transducers and activators transcription-3 are induced by ADX (45) . The changes of neuropeptide Y and interleukin-1␤ mRNAs by ADX are reversed by GC administration (45) . In addition, GC is well known to negatively feed back on hypothalamic corticotropin-releasing hormone expression (72 showed a reduction in cocaine-and amphetamine-regulated transcript (CART) mRNA levels in the paraventricular and arcuate nuclei in ADX rats, which was restored on dexamethasone treatment but not by subcutaneous GC pellets (69) . In the present study, CART mRNA (Mm. 75498, NM_013732) levels did not change significantly (intact: 37 tags, ADX: 31 tags, GC 1 h: 36 tags, GC 3 h: 31 tags, GC 24 h: 42 tags; NS). It is important to recognize that the present data were obtained from whole hypothalamus. The discrepancy could be due to different responses of CART mRNA level to GC in different hypothalamic nuclei, because ADX lowered CART-positive cells in paraventricular nuclei but there were no significant changes in the supraoptic nucleus (3). POMC (Mm. 277996, M30489) and agouti-related protein (AGRP) expressions were also unaltered by ADX and GC [POMC intact: 0 tags, ADX: 1 tag, GC 1 h: 0 tags, GC 3 h: 0 tags, GC 24 h: 0 tags (NS); AGRP intact: 1 tag, ADX: 0 tags, GC 1 h: 1 tag, GC 3 h: 3 tags, GC 24 h: 2 tags (NS)]. These results are in agreement with a previous study that used whole hypothalamus (73) .
Uncharacterized and novel transcripts differentially expressed. The present study targeted not only well-characterized transcripts but also uncharacterized and novel transcripts differentially expressed by ADX and GC. Indeed, 7 uncharacterized and 43 novel transcripts differentially expressed by ADX and GC were found. Further characterization of these uncharacterized and novel transcripts would contribute to understanding of multiple physiological functions of the hypothalamus, including satiety, temperature control, and energy homeostasis as well as neuroendocrine regulation, mood, and numerous autonomic functions.
In conclusion, the present study has for the first time investigated the effects of GC, key hormones involved in energy homeostasis, on global gene expressions in the hypothalamus, which is a brain center regulating whole body energy homeostasis. ADX and GC regulate hypothalamic mRNAs in three general functions, such as cell signaling and communication (diazepam binding inhibitor, calmodulin 1, EST calmodulin 2, dehydrogenase/reductase member 3, and vomeronasal 1 receptor D4), metabolism (ATP synthase F0 subunit 6, cytochrome-c oxidase 1, NADH dehydrogenase 3, 3␤-hydroxysteroid dehydrogenase-1, prostaglandin D 2 synthase, and solute carrier family 4 member 3 and 4), and the cytoskeleton (myosin heavy polypeptide 4, myosin light chain phosphorylatable fast, myosin light polypeptide 1, troponin C2 fast, and troponin I skeletal fast 2). Moreover, 7 uncharacterized and 43 novel transcripts differentially expressed by GC and ADX in the hypothalamus have been found. As discussed above, alterations in the expression levels of these identified genes may be important in hypothalamic systems governing energy balance in response to ADX and GC administration. Thus these genes would be potential targets for prevention and/or treatment of anorexia and other forms of wasting illness and obesity caused by deficiency and excess of GC.
